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(1) Japanese Patent Application Laid-Open No. 2002-1 10073 (2002) 
"PLANE DISPLAY DEVICE" 

The following is an English translation of claims and an extract of the above 
application. 
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[Claim] 

1. A plane display device for displaying an image by applying the accelerating 
voltage between a wiring structure in which a plurality of first electrodes formed of a 
single-layer or a multilayer metal thin film and a plurality of second electrodes formed of a 

10 single-layer or a multilayer metal thin film are intersected with an insulating film interposed 
therebetween and a third electrode which is provided opposite to said wiring structure, 
wherein 

at least one opening portion having an arbitrary shape is provided at said 
intersections, 

15 said opening portion is formed using dry etching method to extend through said 

plurality of second electrodes and said insulating film to reach a surface of said plurality of 
first electrodes, and 

a nanofiber-structure layer is provided at a bottom portion of said opening 

portion. 

20 

2. A plane display device for displaying an image by applying the accelerating 
voltage between a wiring structure in which a plurality of first electrodes formed of a 
single-layer or a multilayer metal thin film and a plurality of second electrodes formed of a 
single-layer or a multilayer metal thin film are intersected with an insulating film interposed 

25 therebetween and a third electrode which is provided opposite to said wiring structure, 
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wherein 

at least one opening portion having an arbitrary shape is provided at said 
intersections, 

said opening portion is formed to extend through said plurality of second 
5 electrodes and said insulating film to reach a surface of said plurality of first electrodes, 
a nanofiber-structure layer is provided at a bottom portion of said opening 
portion, and 

a side surface of said opening portion is formed at vertical angle or interposal 
angle with respect to said bottom portion. 

10 

3. The plane display device according to claims 1 or 2, wherein 

said nanofiber-structure layer is formed on said surface of said plurality of first 
electrodes which is positioned at said bottom portion of said opening portion by applying a 
carbon nanotube-containing solution using a dispenser process or a ink jet process, or 
15 growing carbon nanotube. 

4. The plane display device according to claim 1, wherein 

said opening portion is so formed that its side surface narrows with step 
towards its bottom portion. 

20 

Referring to Fig. 3, the third preferred embodiment of the present invention will 
now be described. Fig. 3 (a) is a top view, and Figs. 3 (b) and 3 (c) are sectional views 
taken along the lines A- A 9 and B-B 5 of Fig. 3 (a), respectively. 

The present embodiment differs from the first preferred embodiment in that a side 
25 surface of a gate hole 303 is at an angle of 70 degrees with respect to a surface of a glass 
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substrate. Making appropriate selections of etching condition and a type of etching gas at 
the time of dry etching allows a free making of an angle of the gate hole 303. 

For example, also in the structure in which a diameter of an upper half of the gate 
hole is set at 30 microns and a diameter of a lower half of the gate hole is set at 20 microns, 
it is possible to make an opening at an upper surface portion of the gate hole larger as 
compared to a bottom of the gate hole. Accordingly, the probability of electrons emitted 
from a carbon nanotube layer impinging a side surface of the gate hole is reduced, and a 
charge up phenomenon is avoided. Such step structure is obtained by performing a 
photolithography process and a subsequent dry etching process twice. 

Next, Referring to Fig. 4, the fourth preferred embodiment of the present invention 
will now be described. Fig. 4 (a) is a top view, and Figs. 4 (b) and 4 (c) are sectional 
views taken along the lines A- A 5 and B-B' of Fig. 4 (a), respectively. 

An insulating film 404 is etched by dry etching method using a gate electrode 
stripe 402 as a mask to form a gate hole 403 reaching a cathode electrode stripe structure 
401. 
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